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Summary:

Most of the literature on Recurrent Aphthous Stomatitis (RAS) assumes that stress has a causal role. However, there is scant empirical research to support the assumption of a psychological basis as most of the backing for the psychosomatic supposition has come from the psychodynamic field. Furthermore, what little empirical research there is appears to be locked in disagreement, either corroborating or contradicting the origins of RAS. This study aims to address this discrepancy by simultaneously measuring, through a self report questionnaire, current RAS and history of RAS with perceived stress (PS), and significant life events, in a sample of sixty-one (N=61) respondents, while controlling for any ongoing disease or allergy that may be causing the condition. It was hypothesised that there would be a significant association between elevated and very high levels of PS and RAS. Based upon the respondents sampled, the results indicated that there was a greater incidence of RAS within individuals with an elevated level of PS. On the other hand, a similar numbers of respondents to the low and normal levels of PS were found in the very high PS category. The implications along with possible treatments and therapies were considered in the discussion section.
Introduction:

Recurrent aphthous stomatitis (RAS) is a poorly understood clinical entity that causes significant oral pain in otherwise healthy individuals. It is estimated that RAS effects between 15 and 25 per cent of the population. Aphthae can occur in any age group, but it is more commonly found in young adults (Smith & Wray, 1999).

Aphthous ulcers are classified into three different types, minor, major and herpetiform. The former are generally located on labial or buccal mucosa, the soft palate and the floor of the mouth. They can be singular or multiple, and tend to be small (less than 1 cm in diameter) and shallow. This type of RAS is the most common (80% of cases), and usually heals within 7-14 days. On the other hand, major aphthae are typically larger and deeper in ulceration and heal slowly over weeks, or even months. It has also been shown that major aphthae are more likely to scar with healing. Herpetiform aphthae, are frequently more numerous and vesicular in morphology and usually heal within about 1 month. 

Individuals with benign aphthous ulcers should have no other accompanying symptoms. When ulcers are slow to heal, or if associated systemic symptoms are present (e.g., fever, adenopathy, gastrointestinal symptoms or other skin or mucous membrane conditions), the presence of other more serious diseases should be investigated.
Although RAS is not life threatening, it has the ability to diminish the quality of life of the sufferer. Indeed, eating, talking and swallowing often become a painful chore. In turn, RAS is likely to increase stress and anxiety, which, in turn, can increase the likelihood of infectious diseases, in addition to aggravating other diseases that are psychoneuroimmunological in nature.

The lack of understanding of the aetiology of RAS has resulted in treatments that are largely based upon ‘trial and error’. These treatments include antibiotics, anti-inflammatories, immune modulators, anaesthetics, and alternative (herbal and homeopathic) remedies. At best, these treatments either reduce the ‘life’ of the ulceration by a few days, or temporarily numb the pain. Unfortunately, there is no proven method of preventing the onset of the aphthae.

A number of conditions and diseases have been shown to lead to the onset of RAS, these include (to name but a few), oral damage (and the subsequent invasion by infectious agents such as Helicobacter pylori), menstruation, food allergy, haematinic deficiency, coeliac disease, Crohn’s disease, Behcet’s syndrome, and HIV (Rogers, 1997). Clinicians and researchers are aware that a number of these are characterised by immune dysregulation. To elucidate, the immune system is a complicated network of cells and cell components that normally work to defend the body and eliminate infections caused by bacteria, viruses, and other invading microbes. If a person has immune dysregulation, the immune system mistakenly attacks it’s self, targeting the cells, tissues, and organs of an individual's own body. *As a result, this has been largely implicated in the pathophysiology of aphthous ulcers. 

However, RAS can occur in the absence of any diagnosable disease or physical condition. So, in these cases what causes the immune dysregulation? Unfortunately, the trigger for this disruption of the immune system remains unclear. All that is known is that, by some method, the immune system is becoming sensitised to a protein present in a specific area in the mouth and is attacking the tissue that is containing the protein. Exactly what is causing the protein to be so targeted is still not known. 

 Nevertheless, histological research has shown that the aphthous ulceration is probably being caused by the cytotoxic action of lymphocytes and monocytes upon the oral epithelium, in other words, an autoimmune disease not unlike rheumatoid arthritis (e.g. Anderson et al., 1985). However, in people with rheumatoid arthritis, the immune system predominantly targets the lining (synovium) that covers various joints. Other findings have demonstrated that individuals with RAS have an increased proportion of gamma-delta T cells compared with controls. Research has shown that gamma-delta T cells may play a role in antibody-dependent cell-mediated cytotoxicity (ADCC). In addition, individuals with typical RAS have an elevation of serum levels of cytokines IL-6, IL-2R and soluble intercellular adhesion modules (ICAM), vascular cell adhesion modules (VCAM), and E-selectin. 

Some autoimmune diseases are known to begin or worsen with certain triggers such as viral infections. Other less understood influences affecting the immune system, and the course of autoimmune diseases, include aging, hormones, pregnancy, and chronic stress. In the hope of finding an answer, clinicians have looked towards other diseases that are characterised by a failure of immunity. Established empirical research into diseases such as cancer (e.g. Kiecolt-Glaser et al., 1985), and upper respiratory tract infections (e.g. Cobb & Steptoe, 1996), to name but a few, has all shown a relationship with chronic acute stress. Further, support for this proposed relationship is bolstered by research that has shown significant increases in salivary cortisol levels, an indicator of stress, and recurrent aphthous ulceration. To demonstrate this, McCartan, Lamey & Wallace (1996) measured Anxiety and salivary cortisol in two groups of patients with RAS. The first group of patients had persistent aphthae while the second group had been relieved of their aphthae following correction of detected haematinic deficiency states. Anxiety was measured using the Hospital Anxiety and Depression scale and radioimmunoassay (an immunological assay in which the sample is determined by allowing it to react with a prepared antiserum in competition with a known quantity of antigen labeled with a radioisotope, the extent of reaction being measured from the radiation emitted) of salivary cortisol. Results found a statistically significant increased proportion of borderline or clinically anxious patients in the first group compared to the second. McCartan, Lamey & Wallace (1996) also discovered a significant elevation in median salivary cortisol levels in the first group.
As a result, most of the literature on aphthous ulcerations assumes that stress has a causal role. However, most of the support for the psychosomatic assumption has come from singular case studies from the psychodynamic field. For example, Heinrich (1932) reported the case study of a woman with an obstinate ulcerative stomatitis, which, according to the analysis of early psychotherapists, was the expression of an erotic conflict. In a later case study, Robertiello (1954) found that a client began to display psychosomatic symptoms during analysis. The revival of early memories brought about, according to Robertiello (1954), primitive defence reactions, which included aphthous ulcers, muscle tensing, and urticaria. More recently, a case study by Peretz (1994) on major RAS in an 11-year-old girl suggested emotional stress as a likely etiological factor for the onset of the disease. Peretz’s (1994) assumption was based upon the disappearance of the ulcers after the child’s stress was relieved. On a wider scale, Andrews & Hall’s (1990) investigation into the effects of relaxation/imagery training on recurrent aphthous stomatitis, found a significant decrease in the frequency of ulcer recurrence for all participants when hypnosis-like procedures were used. However, no pattern was found when psychological distress was examined for relationship to ulcer recurrence and symptomatic changes with treatment. Furthermore, Andrews & Hall (1990) found little support for the role of high hypnotic ability in the treatment of RAS.

Nevertheless, upon closer examination, it is observable that there is scant empirical research to support the assumption of a psychological basis. Indeed, what little research there is appears to be divided between corroborating and contradicting the assumption. For example, a study of the impact on physical and mental health of the people in the temporary housing a year after an earthquake found that stress was manifested in specific physical effects, such as RAS (Tanaka & Takagi, 1997). However, the research did not control for extraneous factors, such as poor diet and subsequent haematinic deficiency that usually accompanies the poor living conditions after a large disaster.
In an attempt to offer further support for the association between emotional stress and RAS, Yaacob  & Ab-Hamid, (1985) were prompted to treat twelve patients that suffered from severe emotional stress, and RAS, with anti-psychotics and anti-depressants. The majority of the patients’ ulcerations cleared upon usage of the tranquillisers. Despite the small sample size, and the fact that aphthae usually ‘clear up’ by themselves after seven days, Yaacob  & Ab-Hamid, (1985) saw this as an indication of a relationship between negative affect and the onset of RAS. Moreover, in a review of the relevant research literature, to determine the psychological components in recurrent aphthous ulcerations, Janicki (1971) noted that emotional stress was usually associated with outbreaks of RAS, and appeared to be the precipitating agent.
However, in contradiction, a study by Pederson (1987), found no association between stress and the onset of RAS when he used Holmes & Rahe’s (1967) social readjustment rating scale (SRRS) and a visual analog scale (VAS) to capture daily affective means and extremes of the amount of pain and stress RAS sufferers experienced.

In view of these findings, this study aims to address this discrepancy by simultaneously measuring, through a self report questionnaire, current RAS and history of RAS with PS, and significant life events, while controlling for any ongoing disease or allergy that may be causing the condition.

Because the harm of most forms of stress comes from our own response to it, individual differences in personality variables can alter the effects of stressful situations. The most important variable is the nature of a person’s coping response. In view of this, Cohen’s (1983) Perceived Stress Scale (PSS) was taken and used to measure PS within the individual.

It was hypothesised that there would be a significant association between elevated and very high levels of PS and RAS, with there being more respondents with current aphthae in both the elevated and very high levels of PS categories compared to the low and normal levels of PS categories. It was further hypothesised that there would be a relationship between recorded significant life events and RAS.

Method: 

The Questionnaire: The PSS (Cohen et al., 1983) is the most widely used psychological instrument for measuring the perception of stress. It is a measure of the degree to which situations the individual has experienced over the last month are appraised as stressful. The items are designed to tap how unpredictable, uncontrollable, and overloaded the individual finds their life. The PSS was designed for use with community samples with at least a junior high school education. The items are easy to understand and the response alternatives are simple to grasp.  Moreover, the questions are quite general in nature and therefore relatively free of content specific to any sub population group. A final qualitative question, added by the author, enquires about any significant life events that the respondent may have encountered recently, e.g. birth, death, marriage, etc. A higher than average score for PS can be inferred if the respondent scored higher than the figures recorded in the MEAN column for gender, age and race (see Table i. below). To aid analysis, PS scores were classified into four categories; low level of PS (score of 0 to 11), normal level of PS (score of 12 to 15), elevated level of PS (score of 16 to 26), and very high level of PS (score of 27 or more).

In addition to the PSS, the respondent was required to indicate demographic details such as, sex, age, occupation, and area lived in. Following this, respondents were obliged to state if they were currently suffering form RAS, if so how many ulcerations were present. Moreover, did the respondent have a history of RAS; if so how long (in years) had the aphthous ulceration been recurring. Furthermore, in order to control for extraneous factors, it was necessary for the respondent to declare any allergies or diseases that might be triggering the ulcerations. 

The nineteen item questionnaire was delivered using a website dedicated to the research topic. Upon completion, the respondent could submit the questionnaire electronically directly to the researcher’s e-mail server (see Appendices).

<insert table i. here>

Participants: A list of targeted individuals was procured at random from the Internet. Ninety-four responded to the invitation to complete and submit the on-line questionnaire. Of the ninety-four respondents sampled, thirty-three were discarded because they did not fulfil the criteria required for inclusion, i.e. neither current aphthae or history of aphthae, or aphthae likely the result of declared allergy and/or illness. Of the sixty-one sampled (N=61) there were 22 males and 39 females, the ages ranged from 16 to 55. In addition to the UK, the respondents hailed from a number of other countries, notably, the USA and Australia. Occupations were varied, ranging from student to police officer. 

Procedure: Each of the targeted individuals was approached by e-mail, and informed as to the nature of the study, and the possible benefits to our current understanding of RAS. Each e-mail sent also had an embedded hyperlink which would lead the respondent directly to the research website. After a brief summary of the study, another hyperlink led them to the questionnaire page. Further information about RAS and the current treatments available was made available via a link with a medical website. They were also informed that all data gleaned from the exercise would be in the strictest confidence, and the e-list, from which they were contacted, not passed on to any other parties. In addition, the research website (http://aphthous-stressstudy.tripod.com) was also publicised on Internet bulletin boards pertaining to psychology, health, and psychosomatic disorders. It was anticipated that individuals visiting these bulletin boards would find the research interesting and follow the hyperlink.

Finally, the opportunity for respondent feedback was made available through the inclusion of the researchers e-mail address. The research website was updated regularly with results and discussion.

Results:

Figure 1. Contingency Table for Respondents with History of RAS and Current Aphthae by Level of PS.

	
	Low
	Normal
	Elevated
	Very High
	Total

	Aphthae
	8
	6
	22
	9
	45


Figure 2. Contingency Table for Respondents with History of RAS and No Current Aphthae by Level of PS.

	
	Low
	Normal
	Elevated
	Very High
	Total

	Aphthae
	11
	9
	31
	10
	61


The number of respondents with a history of RAS and current aphthae in each of the PS categories is shown above in Figure 1. The number of respondents with a history of RAS but not currently exhibiting aphthae in each of the PS categories is shown above in Figure 2. A series of Chi square tests were carried out on the data. 

1. For respondents with a history of RAS that currently exhibited aphthae, the analysis indicated a significant association between elevated level of PS and RAS, i.e. there were significantly more respondents in the elevated level of PS category as opposed to the low, normal and very high categories, [image: image1.png]


 (3, N = 45) = 14.11, p = .002

2. Similarly, history, regardless of current aphthae, can be observed as having significantly more respondents in the elevated category of PS compared to the low, normal, and very high level of PS categories. For the latter, the number of respondents is almost identical, [image: image2.png]


 (3, N = 61) = 21.82, p = .000

3. In contrast, no association was found between significant life events recorded for the last four weeks and current aphthae for respondents with a history of RAS, [image: image3.png]


 (1, N = 45) = .55, p = .456
Discussion:
Based upon the respondents sampled, the results indicate that the majority of people that suffer from mouth ulcers have elevated levels of perceived stress, i.e. above normal levels. Surprisingly, the results also indicate that there is little difference between the number of respondents with current aphthae in both the low, normal and very high levels of PS. It was also noted that four of the respondents had nine or more aphthae present in the elevated level of PS category, this number of aphthae was not present for any of the respondents in any of the other three PS categories. For respondents with a history of RAS, but currently not displaying aphthae, it was also found that there were significantly more respondents in the elevated level of PS category.


Paradoxically, no significant relationship was found between significant life events and RAS. However, this may be explained by the criticism measures of life events have attracted. For example, life event scales have been criticised as not distinguishing between desirable and undesirable events, e.g. marriage is a significant life event, but it is rarely a negative occasion. Similarly, a death in the family could signify either the unexpected (e.g. an accident) or the expected (i.e. after a long chronic illness); measures of life events make no distinction despite this important factor. 

The figure for RAS falling in the very high PS category may be an indicator of the sufferer temporarily adapting to the perceived stressors. To elucidate, according to Selye’s (1956) General Adaptation Syndrome (GAS), one of the most widely accepted theories regarding stress and its effect on the human system, when the body meets a stressor, an adjustment takes place in an effort for the body to regain its equilibrium (homeostatic state). In the first stage of GAS, there is an Alarm Reaction: Any physical or mental trauma will trigger an immediate set of reactions that combat the stress. Because the immune system is initially depressed, normal levels of resistance are lowered, making the body more susceptible to infection and disease. If the stress is not severe or long lasting, the body ‘bounces back’ and recovers rapidly. If the cause for the stress is not removed, the GAS goes to a second stage called resistance or adaptation.  Eventually, sometimes rather quickly, the body adapts to stress, and there is actually a tendency to become more resistant to illness and disease. The immune system works overtime during this period, trying to keep up with the demands placed upon it. Often, the individual becomes complacent about the situation and assumes that he can resist the effects of stress indefinitely. Therein lies the danger. Believing that he is immune from the effects of stress, he typically fails to do anything about it. The third stage of GPS is called exhaustion. In this stage, the body has run out of its reserve of energy and immunity. Mental, physical and emotional resources suffer heavily, the body experiences adrenal exhaustion. The blood sugar levels decrease as the adrenals become depleted, leading to a decrease in stress tolerance, progressive mental and physical exhaustion, illness and collapse. In support of this assumption, the data showed that the majority of very highly stressed respondents had only one or two aphthae, with no respondents reporting seven or more. On the other hand, six respondents in the elevated level of PS category were found to have reported seven or more aphthae. 

Referring to Figures 1. and 2., it can be observed that there are respondents with low and normal levels of PS that exhibit aphthae. These respondents may be either suffering from an as yet to be diagnosed disease or allergy that they are unaware of, or had made inaccurate responses on the PSS, or was subject to some other factor that was responsible for the onset of their aphthae. 

Treatments and therapies: The symptoms of RAS

At best, in the short-term, the sufferer can only hope to temporarily alleviate the pain or reduce the life of the ulcer through anaesthetic, anti-bacterial, and anti-inflammatory solutions. There is an abundance of remedies on the market that claim to be able to do one, or the other, and even sometimes both. Recently, a new treatment has been developed that can boast eradication of aphthae in one application. Debacterol, currently only available at clinicians’ surgeries, is a semi-viscous liquid chemical cautery agent, which forms a membrane that seals the ulcer bed and provides an infrastructure for the invasion of tissue repair cells from the adjacent normal tissue. Ulcer pain should be eliminated in on sitting, and any ulcerated tissue should disappear entirely in a couple of days.

Paradoxically, smoking offers a somewhat protective effect against RAS. This could be because of one or more chemical components present in cigarettes, or, if one subscribes to emotional stress as a causal agent, it could be due to, as some see it, the relaxing nature of smoking (e.g. Dorsey, 1964). Nevertheless, all these remedies and treatments merely ease the symptoms without getting to the root of the cause. Ideally, the best method of combating RAS is to prevent the ulceration from recurring in the first place. Based upon the findings, that indicate causality between stress and RAS, we may be able to reduce the chance of the disease inception if we confront it at the cellular level.

Stress at the cellular level

Research has shown that exposing animals to biological and abiotic stressors can invoke a series of biochemical and physiological changes within the whole organism. A major component of this generalized stress response is the increase in circulating levels of plasma cortisol. In addition to this neuro-endocrine response, animals respond to stressors at a cellular level by inducing heat shock proteins (e.g. Basu, Nakano, & Iwama, 2000; Fukudo et al., 1995)
Similarly, humans also respond to elevated temperatures and a variety of environmental stresses by rapid synthesis of heat shock RNAs and proteins at the cellular level, moreover, they have been shown to be related to certain autoimmune diseases (e.g. Maunder, 2000). Heat shock proteins (HSP70) are highly conserved, ubiquitous and abundant proteins, essential for cellular viability; they protect nascent proteins from degradation, preserve the integrity of membrane channels and contractile proteins, and up, or down regulate some enzymes. By themselves, they are harmless, but research has shown that the antigens Streptococcus sanguis produce stimulates the body to secrete an excess of gamma delta T-cells that cross-react with the stress-induced mitochondrial heat shock proteins in the oral mucosa. S. Sanguis is a bacterium present in most peoples mouths, it directly binds to oral surfaces and serves as a tether for the attachment of a variety of other oral micro-organisms that colonize the tooth surface. The resulting inflammation gives way to ulcerative tissue as the constant bombardment of antibodies on localised tissue escalates. This explanation focuses on immune dysregulation, however, an alternative suggestion centres on an immune suppression perspective. To elucidate, emotional stress has also been shown to cause bruxism, or teeth grinding (Hopper, 1992; Morse, 1982). Often a ridge, or line, of fibrosed (toughened) tissue on the inside of the cheek occurs that corresponds to where the teeth come together. Sometimes, individuals will actually bite themselves along this line (especially in the most posterior molar area) during sleep. It is also common for the tongue to be bitten. Being emotionally stressed, the individual is also likely to have a lowered immune system. The result is infected oral lesions that become progressively worse due to this immune suppression.
Treatments and therapies: The causes of RAS
Combating the recurrence of aphthae may be achieved on two fronts. Firstly, by reducing the amount of emotional stress we perceive. This could be accomplished by counselling and psychotherapy in severe case of RAS, and a sound base of social support (i.e. friends and family) in lesser cases. According to Janicki (1971), counselling and psychotherapy appear to have an effect upon the nature of the recurrences and, oftentimes, upon the cessation of aphthae. Moreover, established research has also demonstrated that social support has a bolstering effect on the immune system (e.g. Kennedy et al., 1990; Levy et al., 1990).


Secondly, dramatically reducing the amount of S. sanguis orally through regular brushing (with a toothbrush effective for plaque control), flossing, and rinsing with antiseptic mouthwashes, should prevent the cross-reactivity that leads to the ulceration. However, it should be noted that these methods of RAS prevention might only be effective in some cases. As mentioned earlier in the text, RAS can occur as a symptom of other diseases (e.g. Behcet’s syndrome), and conditions (e.g. allergic substance). Furthermore, sufferers should note that using a sodium lauryl sulphate free toothpaste has been shown to reduce attacks significantly (50-70 per cent) in susceptible individuals.

Conclusion

The author acknowledges that a larger sample size and the inclusion of additional independent factors would be desirable. As this study is only intended as a preliminary investigation, present limitations will be addressed in future RAS research. With little doubt, there is a great deal of scope for further study in the stress RAS relationship. Ideally, such research would involve systematic and controlled experimentation. However, conducting tests by directly subjecting participants to stressors to investigate the development of aphthae is ethically unsound. Nevertheless, as the familiar argument over the usage of correlation to establish causation stands, sufficient replication is still required to come to any strong conclusions regarding causality and it’s direction. 
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Appendices:


1. Questionnaire as it appears on research website
Top of Form

Mouth Ulcers & PSS (Perceived Stress Scale)

Note: Please remember All results are in the strictest confidence.
Section A.

1. Where do you live:
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2. Your occupation:
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3.Are you male or female?
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female
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male

4.What is your age?
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up to 15
[image: image9.wmf]n

m

l

k

j

16-25
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26-35
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36-45
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46-55
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56-65
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5. Have you experienced any small, but painful, ulcerations in your mouth over the last month? 
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If 'yes' how many? [image: image17.wmf]


6. Are you aware of any alergies that may have caused the ulceration(s) in your mouth? 
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If 'yes' what substance may have caused it/them? [image: image20.wmf]


7. Are you suffering from any medical condition that may have caused the ulceration(s) in your mouth? 
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If 'yes' what condition may have caused it/them? (This is optional, you may leave this blank).
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8. Do you have a history of mouth ulcers, i.e. have you suffered from them for some time? 
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If 'yes' can you remember how many years (approx.) you have suffered from them? [image: image26.wmf]




Section B.

The Perceived Stress Scale (PSS) is the most widely used psychological instrument for measuring the perception of stress. It is a measure of the degree to which situations in your life are appraised as stressful. Items were designed to tap how unpredictable, uncontrollable, and overloaded you find your life. The scale also includes a number of direct queries about current levels of experienced stress.

Directions: The questions in this scale ask you about your feelings and thoughts during the last month. In each case, you will be asked to indicate how often you felt or thought a certain way.

For each question choose from the following alternatives: 

1. never 
2. almost never 

3. sometimes 

4. fairly often 

5. very often 



1. In the last month, how often have you been upset because of something that happened unexpectedly? 
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2. In the last month, how often have you felt that you were unable to control the important things in your life? 
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3. In the last month, how often have you felt nervous and "stressed"? 
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4. In the last month, how often have you felt confident about your ability to handle your personal problems? 
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5. In the last month, how often have you felt that things were going your way? 
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6. In the last month, how often have you found that you could not cope with all the things that you had to do? 
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7. In the last month, how often have you been able to control irritations in your life? 
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8. In the last month, how often have you felt that you were on top of things? 
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9. In the last month, how often have you been angered because of things that were outside of your control? 
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10. In the last month, how often have you felt difficulties were piling up so high that you could not overcome them? 
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11. Have you experienced any significant life events in the last month? (these could include, a birth, a death, a vacation, trouble with the law, trouble with family, disruption at work, etc.):
[image: image77.wmf]
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2. PSS-10 scores are obtained by reversing the scores on the four positive items, e.g., 0=4, 1=3, 2=2, etc. and then summing across all 10 items.  Items 4, 5, 7, and 8 are the positively stated items

PSS-4 scores are obtained by reverse coding items 2 and 3.

Table i. Procedure of Assessing Average Score on PSS

	Category
	Number
	Mean
	S.D.

	Gender
	
	
	

	Male
	926
	12.1
	5.9

	Female
	1406
	31.7
	6.6

	Age
	
	
	

	18-29
	645
	14.2
	6.2

	30-44
	750
	13.0
	6.2

	45-54
	285
	12.6
	6.1

	55-64
	282
	11.9
	6.9

	65+
	296
	12.0
	6.3

	Race
	
	
	

	White
	1924
	12.8
	6.2

	Hispanic
	98
	14.0
	6.9

	Black
	176
	14.7
	7.2

	Other
	50
	14.1
	5.0


Source: Cohen, S., & Williamson, G. (1988)
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